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ABSTRACT 


Title  of  Thesis:  Stress,  Predictability,  and  Oral  Fentanyl  Self-Administration 

in  Female  and  Male  Rats 
Laura  Cousino  Klein,  Master  of  Science,  1995 
Thesis  directed  by:  Neil  E.  Grunberg,  Ph  D. 

Professor 

Department  of  Medical  and  Clinical  Psychology 
This  experiment  examined  the  relationship  between  stress  and  drug  self- 
administration  (SA)  in  an  animal  model.  Specifically,  the  effects  of  predictable 
and  unpredictable  footshock  stress  on  oral  fentanyl  (50  pg/ml)  consumption  were 
examined  in  12  female  and  12  male  Wistar  rats  using  an  operant  conditioning 
paradigm.  Female  rats  self-administered  significantly  greater  amounts  of 
fentanyl  than  did  male  rats  and  male  rats  exhibited  more  withdrawal  behaviors 
following  naloxone  challenge.  Predictability  of  a  stressor  was  accompanied  by 
significantly  greater  fentanyl  SA,  particularly  for  female  rats.  During  relapse, 
animals  exposed  to  predictable  stress  self-administered  significantly  less  fentanyl 
during  relapse  stressor  exposure  than  they  did  during  the  testing  phase  of  the 
experiment.  However,  animals  exposed  to  unpredictable  stress  self-administered 
similar  amounts  of  fentanyl  during  relapse  as  they  did  during  the  testing  phase. 

In  addition,  corticosterone  levels  were  positively  correlated  with  fentanyl  SA. 

Taken  together,  these  results  indicate  that  sex  plays  an  important  role  in 
the  initiation,  maintenance,  and  relapse  of  drug-taking  behavior  by  rats.  In 


addition,  these  findings  suggest  that  female  rats  either  are  more  sensitive  to  the 
nonpharmacologic  variable  of  predictability  or  are  more  sensitive  to  the  drug- 
predictable  stress  interaction  with  regard  to  opiate  SA.  If  these  findings  hold  with 
clinical  populations,  then  women  and  men  may  need  different  treatment 
approaches  to  opiate  abuse. 
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INTRODUCTION 


Stress  and  Drug  Self-Administration 

Clinical  reports  and  observations  suggest  that  there  is  a  positive 
relationship  between  stress  and  opiate  self-administration  (SA).  In  addition, 
these  reports  suggest  that  stress  might  play  an  important  role  in  drug  relapse 
(Kosten,  Rounsaville,  &  Kleber,  1986;  O'Doherty,  1991;  Shiftman  &  Wills,  1985; 
Whitehead,  1974).  Unfortunately,  limitations  in  the  experimental  design  of  these 
studies  preclude  a  discussion  of  a  causal  relationship  between  stress  and 
substance  abuse  (Hall,  Havassy,  &  Wasserman,  1990;  O'Doherty  &  Davies, 
1987).  Specifically,  these  studies  are  limited  by  small  sample  sizes,  insufficient 
control  groups,  and  inadequate  appraisal  of  stress  responses  (i.e.,  psychological, 
physiological,  and  behavioral  assessment).  In  addition,  epidemiological  studies 
provide  correlational  information  that  does  not  allow  for  causal  explanations  to  be 
addressed. 

Few  studies  have  investigated  the  mechanisms  that  might  mediate  the 
stress-substance  abuse  relationship  (Grunberg  &  Baum,  1985;  Hall  etal.,  1990; 
O'Doherty  &  Davies,  1987).  Animal  paradigms  of  drug  SA  provide  an  opportunity 
to  examine  the  causal  relationship  between  stress  and  substance  abuse.  Dib 
and  colleagues  (Dib  &  Duclaux,  1982;  Dib,  1985)  were  the  first  investigators  to 
conduct  investigations  of  stress  and  opiate  SA  in  rats.  These  investigations 
reported  an  increase  in  morphine  self-administration  by  male  rats  during  a 
footshock  stressor.  Morphine  is  a  natural  opium  alkaloid  that  is  used  clinically  for 
pain  relief  (Jaffe  &  Martin,  1990).  Because  drug  SA  was  not  evaluated  either 
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before  or  after  the  footshock,  it  is  possible  that  the  observed  increase  in 
morphine  SA  by  the  subjects  was  a  result  of  the  analgesic  effects  of  the  opiate  to 
decrease  discomfort  of  the  footshock  rather  than  a  stress-induced  increase  in 
responding  for  the  reinforcing  effects  of  the  opiate. 

Fentanyl  is  a  synthetic  opiate  compound  that  is  a  phenylpiperidine  (see 
Figure  1 ).  It  is  primarily  a  p-opiate  receptor  agonist  that  is  approximately  80 
times  more  potent  than  morphine  and,  like  the  other  opiates,  it  is  addictive  (Jaffe 
&  Martin,  1990).  Because  of  its  pharmacokinetic  and  pharmacodynamic 
properties,  fentanyl  is  an  excellent  opiate  compound  to  use  in  animal  self¬ 
administration  paradigms.  Specifically,  fentanyl  is  highly  lipid  soluble;  therefore, 
it  crosses  the  blood-brain  barrier  rapidly,  regardless  of  the  route  of  entry  into  the 
body.  This  synthetic  opiate  compound  is  quickly  absorbed  in  the  gastrointestinal 
tract  and  both  its  analgesic  effects  and  euphoric  effects  are  antagonized  by 
opiate  receptor  antagonists  such  as  naloxone.  When  dissolved  in  water,  fentanyl 
hydrochloride  (HCI)  is  less  bitter-tasting  than  morphine  and  it  is  readily  self- 
administered  by  rats  (Shaham,  Alvares,  Nespor,  &  Grunberg,  1992). 

Grunberg  and  colleagues  conducted  a  series  of  experiments  to  build  upon 
the  Dib  and  Duclaux  (1982;  1985)  research  but  to  avoid  the  ambiguity  of  the 
experimental  designs.  Specifically,  these  studies  examined  opioid  SA  following 
stressor  exposure  in  order  to  evaluate  drug  SA  that  was  not  related  to  the 
analgesic  property  of  the  drugs.  Shaham  et  al.  (1992  )  reported  that 
immobilization  (IM)  stress,  prior  to  drug  availability,  increased  home  cage  oral  SA 
of  both  morphine  and  fentanyl  over  no-stress  control  conditions  in  male  rats. 
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Shaham,  Klein,  Alvares,  and  Grunberg  (1993)  extended  this  work  with  a  different 
stressor  (mild,  uncontrollable  footshock  stress)  and  in  an  operant  self¬ 
administration  paradigm.  Shaham  (1993)  reported  that  drug  conditioning  factors 
also  can  play  an  important  role  in  the  stress-drug  SA  relationship.  Taken 
together,  these  results  suggest  that  a  causal  relationship  exists  between  stress 
and  opiate  SA  that  is  not  related  to  the  analgesic  properties  of  these  drugs. 
However,  it  still  is  not  clear  which  mechanisms  mediate  the  role  that  stress  might 
play  in  drug  SA.  Shaham's  (1993)  report  that  conditioning  alters  stressors'  (i.e. , 
IM  and  electric  footshock)  effect  on  drug-taking  behavior  indicates  that 
psychobiological  variables  are  important  in  drug  SA.  In  light  of  Shaham's  (1993) 
report,  other  psychological  variables  might  play  a  role  in  the  relationship  between 
stressor  exposure  and  drug  SA.  One  variable  that  has  proved  to  be  relevant  in 
studies  of  stress  is  predictability. 

Predictability  of  a  Stressor 

Predictability  exists  when  an  upcoming  event  or  stimulus  is  signalled  in 
advance  either  directly  or  by  the  context  or  timing  of  the  event.  In  learning  theory 
terms,  predictability  occurs  when  the  probability  of  an  unconditioned  stimulus 
(UCS),  given  the  presence  or  absence  of  a  conditioned  stimulus  (CS),  equals 
one  (Miller  &  Matzel,  1989;  Rescorla,  1966;  Rescorla,  1967). 

Predictability  of  an  acute  stressor  may  attenuate  behavioral  and 
physiological  responses  (Schulz,  1976;  Staub,  Tursky,  &  Schwartz,  1971;  Weiss, 
1970).  For  example,  Glass  and  Singer  (1972)  reported  a  series  of  human 
laboratory  studies  which  found  that  predictability  of  a  noise  stressor  attenuated 
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the  performance  decrements  that  occurred  after  cessation  of  an  acute 
unpredictable  noise  stressor .  In  contrast,  under  conditions  of  chronic  stressor 
exposure,  predictability  potentiated  behavioral,  physiological,  biochemical,  and 
immunological  stress  responses  (Abbott,  Schoen,  &  Badia,  1984;  Arthur,  1986; 
McKinnon,  Weisse,  Reynolds,  Bowles,  &  Baum,  1989).  This  increase  with 
repeated  exposure  to  a  stressor  might  reflect:  (1 )  sensitization  to  the  stressor;  or 
(2)  classical  conditioning  between  the  stimuli  that  predict  the  stressor  and  the 
stressor  itself  (  Pavlov,  1906;  Rescorla,  1966;  Rescorla,  1967). 

The  present  experiment  was  designed  to  examine  effects  of  acute  and 
then  repeated  stressor  exposure  (a  form  of  chronic  stress)  on  drug  SA.  Because 
sex  differences  in  drug  use  and  stress  responses  have  been  reported  in  the 
literature  (Grunberg,  Winders,  &  Wewers,  1991;  Lex,  1991;  Taylor,  Harris,  & 
Vogel,  1990),  it  also  is  important  to  examine  the  causal  relationship  between 
stress  and  drug  SA  in  female  and  male  rats. 

Sex  Differences  in  Drug  Self-Administration 

Taken  together,  Klein,  Shaham,  Alvares,  and  Grunberg  (1993)  and 
Shaham  et  al.  (1993)  reported  differences  between  females  and  males  in  opiate 
SA  following  mild  footshock  stress.  Male  rats  consistently  increased  opiate  SA 
after  this  unpredictable,  repeated,  acute  stressor,  whereas  only  some  of  the 
female  rats  increased  drug  SA.  The  females  rats  were  less  water  deprived 
during  the  training  phase  of  the  experiment  and,  consequently,  may  have  been 
insufficiently  trained  to  lever  respond  for  the  fentanyl  solution.  Because  this 
study  (Klein  et  al.,  1993)  did  not  adjust  water  deprivation  based  on  baseline 
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water  consumption,  it  is  impossible  to  determine  the  specific  cause  for  differential 
responding  for  the  fentanyl  solution.  One  purpose  of  the  present  experiment  was 
to  examine  further  the  causal  relationship  between  predictable  and  unpredictable, 
acute  and  chronic  stress  and  drug  SA  in  female  and  male  rats. 


OVERVIEW 


The  present  experiment  examined  the  effects  of  predictable  versus 
unpredictable  stress  on  fentanyl  (50  pg/ml)  self-administration  (SA)  in  female  and 
in  male  rats.  Several  hypotheses  were  tested.  It  was  predicted  that  stress  would 
increase  drug  SA  over  no-stress  control  conditions.  It  was  hypothesized  that, 
over  time,  predictable  stress  would  increase  drug  SA  over  unpredictable  stressor 
conditions.  It  also  was  hypothesized  that  sex  differences  in  drug  SA  would 
occur.  It  was  hypothesized  further  that  drug-seeking  behavior  would  diminish 
when  the  drug  was  no  longer  available  and  that  stress  would  have  no  effect  on 
this  drug-seeking  behavior.  Further,  it  was  predicted  that  relapse  to  fentanyl  SA 
after  an  extinction  phase  would  be  altered  by  sex  and  stressor  predictability. 

In  this  experiment,  fentanyl-HCI,  in  a  concentration  of  50  pg/ml  dissolved 
in  tap  water,  was  used.  The  reinforcing  effects  of  this  drug  concentration  have 
been  reported  in  the  literature.  This  concentration  of  fentanyl  is  readily  self- 
administered  by  male  (Shaham  etal.,  1993)  and  female  (Klein  et  a/.,  1993)  rats 
and  withdrawal  behaviors  can  be  evaluated  by  antagonism  of  the  opioid  system 
(e.g.,  naloxone).  Therefore,  in  addition  to  the  fentanyl,  naloxone-HCI  (1.5  mg/kg) 
was  used  to  precipitate  the  withdrawal  syndrome. 

Throughout  the  experiment,  animals  were  tested  for  oral  SA  (water  or 
fentanyl)  in  operant  conditioning  chambers.  Animals  (12  male  and  12  female 
Wistar  rats)  were  assigned  to  predictable  or  unpredictable  stress  groups  based 
on  baseline  lever  responding  for  water.  Using  a  repeated  measures,  within- 
subject  design,  animals  were  exposed  to  3  seconds  of  either  predictable  or 
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unpredictable  footshock  stress  (0.8  mA)  over  the  course  of  10  minutes  prior  to  30 
minute  access  to  the  fentanyl  solution.  Animals  were  exposed  to  two  cycles  of 
stress  and  no-stress  conditions  (approximately  5  days  for  each  phase). 

Following  this  testing  phase,  water  was  substituted  for  the  fentanyl 
solution  to  evaluate  the  reinforcing  properties  of  the  fentanyl.  After  this  extinction 
phase,  animals  rested  for  seven  days  and  then  both  the  drug  and  the  stressor 
were  reinstated  to  evaluate  drug  relapse  behavior.  Drug  relapse  was  evaluated 
under  conditions  of  no-stress  and  stress. 

Dependent  variables  included  number  of  lever  responses,  amount  of 
fentanyl  self-administered,  and  latency  to  reinforcement.  In  addition,  non-specific 
activity  on  the  non-operative  lever,  daily  body  weight,  and  water  consumption 
were  recorded.  Withdrawal  behaviors  were  observed  following  intraperitoneal 
injection  of  naloxone  on  the  last  day  of  the  first  stress  phase  immediately 
following  access  to  the  drug.  Biochemical  measures  were  collected  at  the  end  of 
the  experiment  to  evaluate  the  effects  of  predictable  and  unpredictable  stress  on 
plasma  corticosterone. 


MAJOR  HYPOTHESES 


Hypothesis  1 .  It  was  hypothesized  that  rats  in  the  predictable  stress 
condition  would  self-administer  (SA)  less  fentanyl  than  would  rats  in  the 
unpredictable  stress  condition  during  the  beginning  of  the  Initiation  Phase  of  the 
experiment. 

Rationale:  It  has  been  reported  that  predictability  of  a  stressor  can 
attenuate  stress  responses  under  acute  conditions  in  humans  (Glass  &  Singer, 
1972;  Schulz,  1976;  Staub,  Tursky,  &  Schwartz,  1971)  and  in  animals  (DeBoer, 
van  der  Gugten,  &  Slangen,  1989;  Weiss,  1970).  Therefore,  animals  in  the 
unpredictable  stress  conditions  should  SA  more  fentanyl  in  response  to  the 
experience  of  higher  stress. 

Hypothesis  2.  It  was  hypothesized  that  rats  in  the  predictable  stress 
condition  would  SA  more  fentanyl  than  would  rats  in  the  unpredictable  stress 
condition  throughout  the  Testing  Phase  of  the  experiment. 

Rationale:  It  has  been  reported  that,  under  conditions  of  repeated 
stressor  exposure  or  chronic  stress,  predictability  of  a  stressor  may  enhance 
stress  responses  (Abbott,  Schoen,  &  Badia,  1984;  Arthur,  1986;  McKinnon, 
Weisse,  Reynolds,  Bowles,  &  Baum,  1989).  Therefore,  animals  in  the 
predictable  stress  conditions  should  SA  more  fentanyl  in  response  to  the 
experience  of  higher  stress. 

Hypothesis  3.  It  was  hypothesized  that,  regardless  of  stressor  condition, 
some  female  rats  would  SA  lower  amounts  of  the  fentanyl  solution  than  would 
male  rats. 
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Rationale:  Klein  et  al.  (1993)  reported  differential  responding  for  fentanyl 
solution  in  female  rats.  Amounts  of  fentanyl  self-administered  by  female  rats 
were  equal  to  or  less  than  those  self-administered  by  males  for  a  fentanyl 
solution  (Shaham  et  al.,  1993). 

Hypothesis  4.  It  was  hypothesized  that  fentanyl  SA  would  be  higher 
following  conditions  of  stress  compared  to  no-stress  conditions. 

Rationale:  Shaham  et  al.  (1993)  reported  that  male  rats  increased 
fentanyl  self-administration  following  unpredictable  stress  compared  to  no-stress 
control  conditions. 

Hypothesis  5.  It  was  hypothesized  that  female  and  male  rats  in  both 
predictable  and  unpredictable  stress  conditions  would  exhibit  greater  withdrawal 
behaviors  in  response  to  naloxone  challenge  than  would  their  non-stressed 
female  and  male  counterparts. 

Rationale:  Shaham  et  al.  (1992)  and  Shaham  et  al.  (1993)  reported  that 
male  rats  exhibit  higher  withdrawal  responses  following  opioid  SA  compared  to 
male  animals  that  have  not  been  exposed  to  opiates.  Klein  et  al.  (1993)  reported 
similar  withdrawal  effects  in  female  rats  that  had  self-administered  fentanyl. 

Hypothesis  6.  It  was  hypothesized  that  stress  groups  would  have  similar 
behavioral  indices  of  withdrawal  following  naloxone  challenge. 

Rationale:  Research  findings  (Klein  etal.,  1993;  Shaham  et  al.,  1992; 
Shaham  et  al.,  1993)  have  reported  that  female  and  male  rats  exhibit  higher 
withdrawal  responses  following  fentanyl  SA  compared  with  female  and  male 
animals  that  have  not  been  exposed  to  opiates. 
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Hypothesis  7.  It  was  hypothesized  that  animals  in  the  predictable  stress 
condition  would  exhibit  a  greater  biochemical  stress  response  than  would  their 


counterparts  in  the  unpredictable  stress  condition. 

Rationale:  Under  chronic  conditions  of  stressor  exposure,  predictability 
has  been  reported  to  potentiate  responses  to  stress  (Abbott,  Schoen,  &  Badia, 
1984;  Arthur,  1986). 


METHODS 


Subjects 

Subjects  were  12  female  and  12  male,  drug-naive  Wistar  rats  (Charles 
River  Laboratories,  Wilmington,  MA).  All  rats  were  approximately  90  days  old 
and  weighed  220-250  g  (females)  or  340-380  g  (males)  at  the  beginning  of  the 
experiment.  Animals  were  individually  housed  in  polypropylene  shoebox  cages 
(35.6  cm  x  15.2  cm  x  20.3  cm),  with  wire  grid  flooring,  at  23°  C,  50%  relative 
humidity,  and  a  12  hour  'ight/dark  cycle  (lights  on  at  0700).  Animals  had 
continuous  access  to  food  (Agway  ProLab  Animal  Diet  RMH  3500)  and  tap 
water,  except  for  the  40  minutes/day  spent  in  the  operant  conditioning  chambers. 
Body  weight  and  water  consumption  were  measured  daily  throughout  the 
experiment. 

An  additional  group  (4  drug-naive  animals;  2  males  and  2  females)  was 
housed  under  identical  conditions  but  was  not  exposed  to  the  experimental 
manipulations.  This  group  served  as  a  control  group  for  assessment  of 
naloxone-precipitated  withdrawal  behaviors  and  for  assessment  of  the 
biochemical  effects  of  the  stressor. 

Drugs 

Fentanyl-hydrochloride  (HCI)  (NIDA,  Baltimore,  MD),  in  a  concentration  of 
50  pg/ml  dissolved  in  tap  water,  was  used.  Withdrawal  syndrome  was 
precipitated  by  intraperitoneal  (IP)  injection  of  1.5  mg/kg  Naloxone-HCI  (DuPont 
Pharmaceutical).  Naloxone-HCI  was  suspended  in  0.86%  NaCI  solution  in  a 
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concentration  of  0.4  mg/ml. 

Procedure 

Animals  were  tested  for  oral  self-administration  (SA)  in  one  of  four  sound- 
attenuated,  operant  conditioning  chambers  (ENV-001,  Med  Associates  Inc.,  East 
Fairfield,  VT).  Each  chamber  was  equipped  with  two  levers  (located  7  cm  above 
the  grid  floor)  and  two  65  ml  liquid  dispensers  (ENV-201 ).  The  left  lever 
(operative)  was  initialized  to  administer  0.1  ml  of  solution  after  a  predetermined 
number  of  presses,  while  right  lever  (non-operative)  presses  had  no 
consequences  and  served  as  a  measure  of  non-specific  activity.  Throughout  the 
experiment,  a  0.1  sec  white  noise  burst  was  turned  on  every  time  a  subject  met 
the  schedule  requirement  for  a  reinforcement.  The  operant  chambers  were 
connected  to  a  power  supply  (SG600/C)  and  were  run  by  a  computer  using 
MED-PC  Medstate  Notation  (Tatham  &  Zurn,  1989),  programmed  in  Turbo 
Pascal®.  Figure  2  presents  a  timeline  of  the  experiment. 

Training  Phase.  On  day  1 ,  rats  were  allowed  to  lever  press  for  water  for  30 
minutes  under  a  fixed  ratio  (FR)  1  schedule  following  48  h  water  deprivation. 
Then,  throughout  the  Training  Phase,  animals  were  provided  with  18%  of  their 
previous  daily  water  intake  (approximately  10  ml/day  for  males  and  5  ml/day  for 
females)  in  home  cages  and  could  lever  press  for  water  30  min/day  in  the 
operant  chambers.  During  this  phase,  schedule  requirements  were  increased 
gradually  from  FR-1  to  FR-4  and  then  to  a  progressive  ratio  (PR)  schedule  with  a 
dwell  of  3.  That  is,  the  schedule  requirements  were  increased  by  a  fixed  ratio  of 
one  after  every  third  reinforcement  was  given.  A  PR  schedule  was  used  to 
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provide  a  more  sensitive  index  of  the  reinforcing  efficacy  of  fentanyl  (Depoortere, 
Li,  Lane,  &  Emmett-Oglesby,  1993;  Roberts,  Bennett,  &  Vickers,  1989)  than  the 
FR  schedules  used  in  previous  studies  (Shaham  et  at.,  1993).  This  Training 
Phase  lasted  15  days.  When  responding  on  the  operative  lever  stabilized  (i.e. , 
consistent  number  of  responses  for  each  subject  for  3  consecutive  days),  the 
Initiation  Phase  began. 

Initiation  Phase.  Following  training,  fentanyl-HCI  solution  (50  pg/ml)  was 
substituted  for  water  and  the  animals  were  assigned  to  either  predictable  stress 
or  unpredictable  stress  conditions  ensuring  that  baseline  responding  for  water  on 
the  PR  days  was  comparable.  Animals  (n=12;  6  males,  6  females)  in  the  PS 
group  received  a  1  second  presentation  of  an  86  dBA  tone  (Davis  &  Levine, 

1982)  immediately  before  each  shock  to  signal  that  the  stressor  would  occur. 
Animals  in  the  UPS  group  received  a  similar  1  second  tone,  but  it  was  presented 
(X  =  every  40  s;  range  10-70  s)  independently  of  the  shock  stimulus  and, 
therefore,  did  not  predict  the  onset  of  the  stressor.  Mild,  constant-current, 
intermittent,  inescapable,  predictable  or  unpredictable,  electric  footshock  (0.8 
mA)  was  delivered  under  a  variable  interval  schedule.  Footshock  was  delivered 
through  a  scrambler  to  the  grid  floor  of  the  operant  conditioning  chamber  and 
was  administered  every  40  seconds  on  average  (range  10-70  s)  for  200  msec 
bursts.  This  amount  and  duration  of  shock  has  been  used  in  previous  research 
as  a  mild  stressor  (Shaham  etal.,  1993).  The  chambers  were  illuminated  by  a 
houselight  as  a  discriminitive  stimulus  over  a  10  minute  period  prior  to  the  30 
minute  drug  SA  period.  The  houselight  was  off  during  the  drug  SA  period. 
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Throughout  the  Initiation  Phase,  the  volume  of  water  available  to  the  animals  in 
their  home  cage  was  increased  by  10-15  ml/week  (males)  or  3-6  ml/week 
(females)  until  all  animals  consumed  less  water  than  the  amount  available  to 
them.  This  criterion  was  achieved  by  all  animals  within  28  days. 

Testing  Phase.  This  phase  included  4  cycles  that  lasted  5  days  each:  stress,  no¬ 
stress,  a  second  exposure  to  stress,  and  a  second  cycle  of  no-stress.  During 
each  cycle,  animals  could  lever  press  for  fentanyl  under  a  PR  schedule  with  a 
dwell  of  2.  The  stress  cycles  were  conducted  as  described  for  the  Initiation 
Phase.  Specifically,  animals  received  3  seconds  of  either  predictable  or 
unpredictable  footshock  over  the  course  of  10  minutes  prior  to  the  30  minute 
drug  SA  period.  For  the  no-stress  cycles,  animals  were  placed  in  the  operant 
chambers  for  10  min  prior  to  the  30  min  drug  SA  period  while  the  shock  and 
houselight  were  turned  off.  The  stress  cycles  were  conducted  as  described  for 
the  Initiation  Phase.  Throughout  this  phase,  water  (500  ml)  was  continuously 
available  in  the  home  cage. 

On  the  last  day  of  the  first  stress  cycle  (day  5),  after  the  40-minute  test 
session,  naloxone  (1.5  mg/kg)  was  injected  IP  into  each  animal,  and  subjects 
were  transferred  to  their  home  cages.  Assessment  of  withdrawal  behaviors  (wet- 
dog  shakes,  diarrhea,  mouthing  and  teeth  chattering,  ptosis,  excessive  grooming, 
abnormal  posture)  began  5  minutes  after  injection  and  lasted  for  15  minutes. 

This  procedure  was  based  on  previous  reports  (Linseman,  1977)  and  has  proved 
to  be  a  highly  reliable  procedure  for  opioid  withdrawal  assessment  (Shaham  et 
al.,  1992;  Shaham  etal.,  1993)  (inter-rater  reliability  coefficient:  Pearson's 
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product-moment  correlation  =  +0.96).  This  withdrawal  assessment  procedure 
also  was  followed  for  the  four  animals  not  exposed  to  the  operant  conditioning 
paradigm.  This  Testing  Phase  lasted  for  20  days. 

Extinction  Phase.  Following  this  drug  testing  phase,  lever  responding  behavior 
was  extinguished  by  substituting  water  for  the  fentanyl  solution  in  the  operant 
chambers.  This  Extinction  Phase  lasted  for  20  days  and  animals  were  tested  for 
lever  responding  for  water  under  conditions  of  stress  (13  days),  no-stress  (5 
days),  and  a  second  exposure  to  stress  (2  days). 

Relapse  Phase.  At  the  end  of  the  Extinction  Phase,  animals  were  left  in  their 
home  cages  with  continuous  access  to  food  and  water  for  1  week. 

Subsequently,  animals  again  were  tested  for  fentanyl  SA  in  the  operant 
chambers  under  conditions  of  no-stress  (4  days)  and  then  stress  (5  days)  to 
examine  relapse  drug  SA  behavior. 

Rest  Phase.  Animals  were  left  in  their  home  cages  for  3  weeks  with  continuous 
access  to  food  and  water. 

Biochemical  Assessment  of  Stress.  After  this  3  week  latency,  animals  were 
exposed  to  the  stressor,  with  or  without  predictability,  for  10  minutes  a  day  and 
then  immediately  were  returned  to  their  home  cages.  This  procedure  lasted  for  5 
days.  On  the  last  day  (day  5),  animals  were  taken  out  of  the  operant  chambers 
and,  15  minutes  later  (Seggie  &  Brown,  1975),  were  decapitated  without 
anesthesia.  Trunk  blood  was  collected  in  5  ml  collection  tubes  that  had  been 
treated  with  ethylenediamine  tetra-acetic  acid  (EDTA).  Samples  then  were 
centrifuged  for  20  minutes  at  1500  x  g  at  4°  C,  and  plasma  was  frozen  at  -70°  C 
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for  later  measurement  of  corticosterone  by  radioimmunoassay  (RIA;  ICN 
Biomedical,  Palo  Alto,  California).  Corticosterone  is  a  sensitive  and  commonly 
used  marker  of  stress  (Kant  et  a/.,  1983;  Seggie  &  Brown,  1975). 

Statistical  Analyses 

Overall,  this  experiment  used  a  mixed  factorial  design.  The  between- 
subjects  design  was  a  2  (sex;  female/male)  X  2  (stressor  condition; 
predictable/unpredictable)  and  was  used  to  examine  the  effects  of  stress  on 
fentanyl  self-administration.  Between-subjects  dependent  variables  evaluated  by 
univariate  and  multivariate  ANOVAs  were:  fentanyl  consumption,  operant  and 
home  cage  water  consumption,  body  weight,  withdrawal  scores  following 
naloxone  challenge,  and  plasma  corticosterone  levels.  In  addition  to  the  4 
experimental  groups,  a  control  group  (N=4;  2  males  and  2  females)  was  used  to 
compare  no-stress  control  conditions  to  stress  (i.e.,  predictable  and 
unpredictable  males  and  females)  conditions  on  withdrawal  scores  and  plasma 
corticosterone  measures  using  analyses  of  variance. 

The  within-subject  analyses  for  this  experiment  included  the  4 
experimental  stress  groups  (i.e.,  predictable  and  unpredictable  females  and 
males)  evaluated  across  the  5  phases  of  the  experiment:  initiation,  training, 
testing,  extinction,  and  relapse.  Fentanyl  self-administration  amounts  were 
computed  for  each  animal  for  each  session.  Specifically,  the  number  of 
reinforcers  that  each  animal  received  per  session  was  multiplied  by  the  amount 
of  liquid  dispensed  per  reinforcement  (0.1  ml)  and  by  the  concentration  of  the 
fentanyl  solution  (50  pg  of  fentanyl-HCl/ml  of  water).  This  product  then  was 
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divided  by  the  animal's  body  weight  (kg).  Repeated  measures  ANOVA  were 
used  to  evaluate  the  effects  of  stress  on  lever  responding  and  fentanyl  solution 
consumption  (mg/kg)  during  each  phase  of  the  experiment  (i.e.,  initiation, 
training,  testing,  extinction,  relapse).  Water  consumption  in  the  home  cage,  body 
weight,  responding  on  the  non-operative  lever,  and  latency  to  the  first 
reinforcement  also  were  evaluated  by  repeated  measures  ANOVA. 

Regression  analyses  were  used  to  evaluate:  (1)  the  relationship  between 
fentanyl  SA  and  withdrawal  responses  following  naloxone  challenge;  and  (2)  the 
relationship  between  fentanyl  SA  and  plasma  corticosterone  levels  and  included 
all  subjects.  All  significance  tests  were  two-tailed  and  were  evaluated  at  an 
alpha  level  of  0.05. 

Results 

Overview 

All  animals  were  included  in  the  analyses  because  each  had  sufficiently 
learned  to  respond  on  the  operative  (left)  lever  in  order  to  obtain  the  reinforcer 
(water  or  fentanyl  solution).  A  Student's  f-test  on  lever  responding  behavior 
during  the  first  stress  phase  of  testing  revealed  that  operative  (left)  lever 
responding  was  significantly  greater  than  non-operative  (right)  lever  responding 
[t(46)  =  6.26,  e  <  .05]  overall  and  for  each  experimental  subject. 

Initiation  Phase 

The  first  13  days  of  the  initiation  phase  were  selected  to  examine  the 
acute  effects  of  unpredictable  and  predictable  stress  on  drug  self-administration. 
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To  ensure  that  animals  within  the  same  sex  were  equally  water  deprived  between 
experimental  conditions  (i.e.,  predictable,  unpredictable),  separate  univariate 
ANOVAs  were  conducted  separately  for  each  sex  on  homecage  water 
consumption  and  body  weight  (kg).  During  this  drug  initiation  phase  of  the 
experiment,  there  were  no  differences  in  water  consumption  between  males  in 
the  unpredictable  stress  condition  and  males  in  the  predictable  stress  condition 
[F  (1,10)  =  4.4,  n.s.].  This  finding  indicates  that  these  animals  were  similarly 
water  deprived  and  that  any  differences  in  drug  self-administration  among  the 
males  between  the  2  stress  groups  could  not  be  attributed  to  differences  in  water 
deprivation.  In  addition,  there  were  no  differences  in  water  consumption  between 
females  in  the  unpredictable  and  females  in  the  predictable  stress  conditions  [F 
(1,10)  =  2.8,  n.s.],  indicating  that  these  two  groups  also  were  similarly  water 
deprived.  Also,  there  were  no  significant  differences  in  body  weight  between 
males  in  the  unpredictable  and  males  in  the  predictable  stressor  conditions  [F 
(1,10)  =  3.67,  n.s.].  Females  in  the  unpredictable  and  in  the  predictable  stressor 
conditions  also  weighed  the  same  [F<1]. 

A  repeated-measures  ANOVA  on  amount  of  fentanyl  consumed  (mg/kg) 
across  the  first  1 3  days  of  drug  initiation  revealed  a  significant  time  effect  [F 
(12,240)  =  10.07,  p  <  .05],  a  sex  by  time  interaction  [F  (12,240)  =  2.96,  p  <  .05], 
and  a  stress  group  by  time  interaction  [F  (12,240)  =  1 .38,  p  <  .05],  This  stress 
group  by  time  interaction  did  not  hold  for  males  but  approached  significance  for 
females  [F  (12,120)  =  1.72,  p_=  .07],  The  sex  by  time  interaction  was  true  for  the 
unpredictable  stress  group  [F  (12,120)  =  1.93,  p  <  .05]  and  for  the  predictable 
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stress  group  [F  (12,120)  =  2.40,  p  <  .01]. 

In  order  to  determine  the  time  point  during  initiation  that  the  experimental 
groups  (unpredictable/predictable,  female/male)  began  to  differ  from  one 
another,  ANOVAs  were  conducted  at  each  time  point  for  the  amount  of  drug  self¬ 
administration.  Figure  3  presents  the  average  amount  of  fentanyl  consumed 
(mg/kg)  by  the  four  experimental  groups  on  the  first,  second,  and  third  days  of 
initial  drug  exposure.  There  were  no  differences  between  groups  on  the  first  or 
on  the  second  day  of  exposure  to  the  fentanyl  solution.  By  the  third  day,  there 
was  a  significant  main  effect  for  sex.  Specifically,  females  self-administered 
significantly  more  fentanyl  than  did  the  males  [F  (1 ,20)=1 3.86,  p  <  .05],  This 
significant  sex  effect  persisted  from  day  3  throughout  the  remainder  of  the  study 
(see  Table  2).  No  main  effects  or  interactions  were  found  for  stressor  condition 
through  day  27  of  initiation. 

Testing  Phase 

Once  the  testing  phase  began,  there  was  a  significant  main  effect  for 
predictability  [F  (1 ,20)  =  6.62,  p  <  .05],  with  predictable  greater  than 
unpredictable,  and  a  significant  main  effect  for  sex  [F  (1,20)  =  19.79,  p  <  .05], 
with  females  greater  than  males,  for  the  amount  of  fentanyl  that  was  self- 
administered.  A  repeated-measures  ANOVA  revealed  a  significant  effect  for  time 
across  the  four  phases  of  the  testing  phase  [F  (3,60)  =  4.29,  p  <  .05], 

Figures  4,  5,  6,  and  7  present  fentanyl  SA  during  the  first  stress,  no-stress, 
second  stress,  and  second  no-stress  testing  conditions,  respectively.  ANOVAs 
were  conducted  at  each  time  point  for  fentanyl  SA  among  experimental  groups  to 
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examine  the  effects  of  stress  and  of  no-stress  on  fentanyl  self-administration.  On 
the  first  day  of  testing  during  the  first  stress  phase,  animals  in  the  predictable 
stress  condition  self-administered  more  fentanyl  than  did  animals  in  the 
unpredictable  stress  condition  [F  (1 ,20)  =  6.62,  p  <  .05].  During  the  first  stress 
phase  (days  50-54),  females  self-administered  nearly  twice  as  much  fentanyl 
(X=0.24  mg/kg)  as  did  the  males  (X=0.13  mg/kg)  [F  (1,20)  =  18.2,  p  <  .05]  and 
the  predictably  stressed  animals  self-administered  significantly  more  fentanyl 
than  did  the  unpredictably  stressed  animals  [F  (1,20)  =  7.26,  p  <  .05]  (see  Figure 
4).  The  main  effects  for  sex  [F  (1 ,20)  =  1 5.45,  p  <  .05]  and  predictability  [F  (1 ,20) 
=  4.99,  p  <  .05]  remained  during  the  no-stress  phase  (see  Figure  5)  and  during 
the  second  stress  phase  [F  (1,20)  =  18.52,  p_<  .05  and  F  (1,20)  =  5.28,  p  <  .05, 
respectively]  (see  Figure  6).  During  the  second  no-stress  phase  (see  Figure  7), 
the  main  effect  for  sex  continued  [F  (1 ,20)  =  16.72,  p  <  .05],  but  the  main  effect 
for  predictability  only  approached  significance  [F  (1,20)  =  3.35,  p  =  .08], 

There  were  no  significant  differences  between  experimental  groups  in 
number  of  lever  responses  on  the  non-operative  (right)  lever.  There  were  no 
differences  in  home  cage  water  consumption  between  the  unpredictable  and 
predictable  stress  groups  or  between  males  and  females  at  any  time  during 
testing.  In  addition,  there  were  no  significant  differences  in  body  weight  between 
the  predictable  and  the  unpredictable  stress  groups  at  any  point  during  the 
experiment.  However,  females  weighed  significantly  less  than  did  the  males 
throughout  the  testing  phase  of  the  experiment  [F  (1,20)  =  2.83,  p  <  .05], 
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Withdrawal 

To  evaluate  whether  or  not  female  and  male  rats  in  both  predictable  and 
unpredictable  stress  conditions  exhibited  greater  withdrawal  behaviors  in 
response  to  naloxone  challenge  than  did  non-stressed  female  and  male  rats, 
experimental  groups  were  collapsed  across  stress  conditions  to  form  a  stress 
group  (n=24)  that  was  then  compared  with  the  non-stressed  control  group  (n=4). 
Observation  scores  across  the  six  categories  of  withdrawal  symptoms  were 
added  together  from  each  observer  to  compute  an  overall  composite  withdrawal 
score  for  each  subject.  Total  withdrawal  scores  ranged  from  2  to  37.  The 
variances  within  the  stress  and  non-stressed  control  groups  were  small  enough 
to  allow  this  comparison  to  be  made  without  violating  the  assumption  of 
homogeneity  of  variance.  Therefore,  an  ANOVA  was  computed  for  total 
withdrawal  score  between  stress  and  no-stress  groups. 

Figure  8  presents  the  mean  withdrawal  score  for  males  and  for  females  in 
each  experimental  group  (i.e.,  unpredictable  stress  (N=12),  predictable  stress 
(N=12),  and  no-stress  control  (N=4)]  following  an  IP  injection  of  1.5  mg/kg  of 
naloxone  after  either  fentanyl  (predictable  and  unpredictable  stress  groups)  or  no 
fentanyl  (control  group)  SA  on  the  last  day  of  the  first  stress  testing  phase. 
Subjects  that  had  self-administered  fentanyl  displayed  significantly  greater 
withdrawal  behaviors  than  did  animals  that  did  not  have  previous  access  to  the 
fentanyl  solution  [F  (2,24)  =  15.95,  g  <  .05],  Also,  males  exhibited  greater 
withdrawal  than  did  females  [F  (2,24)  =  5.42,  g_<  .05].  There  were  no  differences 
among  groups  (predictable,  unpredictable,  control)  on  the  dosage  of  naloxone 
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that  was  administered  [F  (2,22)  =  1.47,  n.s.]. 

Despite  the  finding  that  predictable  animals  self-administered  higher 
amounts  of  fentanyl  (mg/kg)  than  did  unpredictable  animals,  there  were  no 
significant  differences  between  the  two  groups  for  withdrawal  scores.  In  the 
stress  group,  there  was  a  main  effect  for  the  amount  of  fentanyl  (mg/kg)  that  was 
self-administered  prior  to  naloxone  challenge  [F  (1 ,20)  =  4.72,  p  <  .05],  The 
predictable  stress  animals  self-administered  more  fentanyl  (mean  dosage  =  0.24 
mg/kg)  than  did  the  unpredictable  stress  animals  (mean  dosage  =  0.17  mg/kg). 
Further,  there  was  a  main  effect  for  sex  for  the  amount  of  fentanyl  that  was  self- 
administered  prior  to  naloxone  challenge  [E  (1,20)  =  13.78,  p  <  .05],  The  females 
self-administered  nearly  twice  as  much  fentanyl  (mean  dosage  =  0.26  mg/kg)  as 
did  the  males  (mean  dosage  =  0.15  mg/kg).  There  were  no  significant 
differences  between  the  unpredictable  and  predictable  groups  for  withdrawal 
scores.  However,  there  was  a  main  effect  for  sex  for  withdrawal  scores  following 
naloxone  challenge  [F  (1,20)  =  5.77,  p  <  .05],  Males  exhibited  more  withdrawal 
behaviors  than  did  the  females  regardless  of  stressor  condition.  A  regression 
analysis  with  withdrawal  score  as  the  dependent  variable  and  sex  of  the  subject 
as  the  predictor  variable  was  significant  [r2  =  .20,  F  (1,22)  =  5.43,  p  <  .05], 
indicating  that  sex  was  the  important  determining  factor  for  severity  of  opioid 
withdrawal.  Specifically,  being  male  was  associated  with  higher  withdrawal 
scores. 

Extinction 

Figure  9  presents  lever  responding  for  water  during  the  first  stress  phase 
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of  extinction.  When  water  was  substituted  for  the  fentanyl  solution,  there  was  a 
significant  decrease  in  lever  responding  on  the  operative  lever  [F  (12,240)  =  21.4, 
g  <  .05]  over  the  first  13  days.  In  addition,  there  was  significant  sex  by  time 
interaction  [F  (12,240)  =  2.36,  g  <  .05]  and  a  significant  group  by  time  interaction 
[F  (12,240)  =  6.24,  g  <  .05],  indicating  a  differential  extinction  curve  among  the 
four  experimental  groups.  Specifically,  females  took  longer  than  did  the  males  to 
extinguish  lever  responding  and  the  predictable  stress  group  took  longer  than  did 
the  unpredictable  stress  group  to  decrease  lever  responding  for  water. 

Relapse 

Similar  to  initiation  and  testing,  fentanyl  SA  during  the  no-stress  and  the 
stress  conditions  of  the  relapse  phase  [F  (1 ,20)=23.76,  g  <  .05  and  F 
( 1 ,20)=1 3.67,  g  <  .05,  respectively]  was  significantly  greater  among  females  than 
among  males.  A  repeated  measures  ANOVA  comparing  fentanyl  SA  during  the 
first  stress  phase  of  testing  to  fentanyl  SA  during  the  stress  phase  of  relapse 
revealed  a  significant  group  by  time  interaction  [F  (1,20)=8.12,  g  <  .05]  (see 
Figure  10).  Specifically,  animals  exposed  to  predictable  stress  self-administered 
significantly  less  fentanyl  during  relapse  stressor  exposure  than  they  did  during 
the  testing  phase  of  the  experiment.  However,  animals  exposed  to  unpredictable 
stress  self-administered  similar  amounts  of  fentanyl  during  relapse  as  they  did 
during  the  testing  phase.  There  were  no  differences  in  drug  SA  during  relapse 
between  the  predictable  and  the  unpredictable  stress  groups  under  no-stress  and 
stress  test  conditions. 

During  relapse,  fentanyl  SA  under  no-stress  decreased  when  stress  was 
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reintroduced  [F  (1 ,20)  =  1 1 .04,  p  <  .05],  In  addition  there  was  a  significant  main 
effect  for  sex  during  the  no-stress  phase  of  the  relapse  phase  [F  (1 ,20)  =  19.43, 

B  <  .05],  The  females  self-administered  higher  amounts  of  fentanyl  than  did  the 
males. 

Biochemical  Assessment 

To  evaluate  whether  or  not  female  and  male  rats  in  both  predictable  and 
unpredictable  stress  conditions  exhibited  greater  biochemical  stress  responses 
(i.e. ,  plasma  corticosterone)  than  did  their  non-stressed  female  and  male 
counterparts,  groups  were  collapsed  across  stress  conditions  to  form  a  stress 
group  (N=24)  that  was  then  compared  with  the  non-stressed  control  group  (N=4). 

Unpredictable  or  predictable  stress  resulted  in  plasma  corticosterone 
levels  that  were  significantly  higher  than  plasma  corticosterone  levels  in  the  non¬ 
stress  animals  [F  (1,24)  =  12.04,  p  <  05]  (see  Figure  11),  validating  the  stress 
manipulation  as  effective.  In  addition,  overall  plasma  levels  of  corticosterone 
were  higher  in  the  females  than  they  were  in  the  males  [F  (1 ,24)  =  16.48,  p  < 

.05],  consistent  with  previous  reports  (Brown,  Wood,  &  Grunberg,  1994;  Kant  et 
ai,  1983).  There  were  no  significant  differences  between  predictable  and 
unpredictable  stress  groups  on  biochemical  markers  of  stress. 

A  regression  analysis  with  plasma  corticosterone  values  as  the  predictor 
variable  and  fentanyl  SA  during  the  first  stress  phase  of  the  testing  phase  as  the 
dependent  variable  revealed  a  significant  correlation  [r2  =  .34,  F  (1,22)  =  11.61,  p 
<  .05].  In  other  words,  greater  plasma  corticosterone  levels  were  positively 
correlated  with  fentanyl  self-administration. 


CONFIRMATION  OF  MAJOR  HYPOTHESES 


Hypothesis  1.  The  hypothesis  that  rats  in  the  predictable  stress  condition 
would  self-administer  less  fentanyl  than  would  rats  in  the  unpredictable  stress 
condition  during  the  beginning  of  the  Initiation  Phase  of  the  experiment  was  not 
confirmed.  Specifically,  no  main  effects  in  fentanyl  self-administration  were 
found  for  stressor  condition  through  day  27  of  initiation. 

Hypothesis  2.  The  hypothesis  that  rats  in  the  predictable  stress  condition 
would  SA  significantly  more  fentanyl  than  would  rats  in  the  unpredictable  stress 
condition  throughout  the  Testing  Phase  of  the  experiment  was  confirmed. 

Hypothesis  3.  The  consistent  finding  that  the  majority  of  female  rats, 
regardless  of  stressor  condition,  self-administered  significantly  more  fentanyl 
than  did  male  rats  in  either  stressor  condition  disconfirmed  Hypothesis  3. 

Hypothesis  4.  Fentanyl  SA  did  not  significantly  differ  between  stress  and 
no-stress  test  conditions,  disconfirming  Hypothesis  4. 

Hypothesis  5.  The  finding  that  subjects  that  had  self-administered 
fentanyl  displayed  significantly  greater  withdrawal  behaviors  than  did  animals  that 
did  not  have  prior  access  to  the  fentanyl  solution  confirmed  Hypothesis  5. 

Hypothesis  6.  There  were  no  significant  differences  between  the  two 
stress  groups  for  withdrawal  scores  following  naloxone  challenge,  confirming 
Hypothesis  6. 

Hypothesis  7.  There  were  no  significant  differences  between  predictable 
and  unpredictable  stress  groups  on  biochemical  markers  (i.e.,  plasma 
corticosterone)  of  stress,  disconfirming  Hypothesis  7. 
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DISCUSSION 


This  experiment  was  designed  to  extend  recent  findings  that  have  found  a 
causal  relationship  between  stress  and  opiate  self-administration  by  rats.  Using 
an  operant  paradigm,  female  and  male  rats  were  tested  for  drug  SA  with  and 
without  predictable  or  unpredictable  acute  and  repeated  stress.  Consistent  with 
earlier  behavioral,  immunological,  and  physiological  reports  (Abbott  etal.,  1984; 
Arthur,  1986;  Glass  &  Singer,  1972;  McKinnon  etal.,  1989),  predictability  had  a 
different  effect  on  drug  SA  depending  on  whether  the  stressor  was  acute  or 
chronic.  Specifically,  predictability  of  the  stressor  increased  fentanyl  SA  with 
repeated  exposure  to  the  stressor,  especially  for  female  subjects.  These 
increased  effects  persisted  whenever  the  fentanyl  solution  was  available. 

Further,  predictability  of  the  stressor  lengthened  the  duration  of  the  extinction 
process.  This  increase  in  fentanyl  consumption  and  delayed  extinction  of  drug- 
seeking  behavior  by  the  animals  exposed  to  a  repeated,  acute  stressor  could  be 
a  result  of :  (1 )  sensitization  to  the  stressor,  or  (2)  habituation  to  the  effects  of 
the  fentanyl. 

Further,  drug  SA  by  the  predictability  stress  group  during  the  testing 
phase  of  the  experiment  was  attenuated  during  the  relapse  phase  of  the 
experiment.  Despite  a  significantly  higher  amount  of  drug  SA  in  the  predictably 
stressed  animals  during  the  testing  phase  of  the  study,  animals  in  this  group  self- 
administered  similar  amounts  of  the  fentanyl  solution  during  the  relapse  phase  as 
did  animals  in  the  unpredictable  stress  group.  This  comparable  drug  SA  may 
explain  the  unpredicted  finding  of  similar  plasma  corticosterone  levels,  a 
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biochemical  marker  of  stress,  in  the  predictable  and  unpredictable  stress  groups 
at  the  end  of  the  experiment. 

In  addition  to  the  predictability  effects  on  drug  SA,  there  also  were  sex 
differences  in  fentanyl  consumption.  Specifically,  female  rats  self-administered 
significantly  more  fentanyl  than  did  male  rats,  with  and  without  stress,  and 
regardless  of  whether  the  stress  was  predictable  or  unpredictable.  This  sex 
difference  began  on  the  third  day  of  drug  SA  and  persisted  throughout  the  study. 
However,  females  displayed  significantly  less  withdrawal  in  response  to  naloxone 
challenge  than  did  males.  This  finding  may  indicate  that  females  are  less 
sensitive  to  the  effects  of  opioid  agonists  and  opioid  antagonists. 

The  fact  that  predictability  particularly  affected  female  subjects  may 
suggest  that  females:  (1)  developed  greater  sensitization  to  the  stressor;  (2)  had 
greater  drug  habituation;  or  (3)  were  more  sensitive  to  the  drug-predictable  stress 
interaction.  This  finding  is  consistent  with  reports  that  there  are  sex  differences 
in  the  effects  of  physical  (Kant  et  a!.,  1983)  and  social  stressors  (Brown,  Wood,  & 
Grunberg,  1994)  on  stress  responses.  Therefore,  there  may  be  a  sex  difference 
in  the  contribution  of  the  environment  and  pharmacologic  factors  to  opioid  use 
and  abuse.  If  the  present  results  hold  with  humans,  then  females  may  be  less 
sensitive  to  drug  withdrawal  effects,  but  more  sensitive  to  stress-induced  drug 
taking.  Future  studies  should  directly  examine  these  possibilities. 

If  the  present  findings  can  be  extended  to  a  clinical  setting,  then  these 
results  suggest  that  women  and  men  may  require  differential  approaches  to 
addiction  treatment.  Because  males  in  the  current  study  showed  higher 
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withdrawal  responses  despite  lower  opioid  SA,  treatment  for  men  might  focus  on 
pharmacologic  replacement  therapies,  such  as  methadone  maintenance 
programs.  The  finding  that  the  females  in  the  present  study  were  more  sensitive 
to  psychological  variables  suggests  that  females  may  require  treatments  that 
focus  on  psychological  factors  that  influence  drug-taking  behavior  and  that  may 
increase  the  likelihood  of  drug  relapse  such  as  stress  and  environmental  cues. 
Clearly,  these  important  clinical  implications  require  direct,  empirical  assessment. 


TABLES 
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Table  1 .  Schedule  of  reinforcement  for  progressive  ratio  with  a  dwell  of  2. 
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Table  2.  Amount  of  fentanyl  self-administered  during  first  13  days  of  initiation  by 
sex. 


FIGURES 
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FENTANYL 


Figure  1.  Chemical  structure  of  fentanyl 
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Training  Initiation 

Phase  (15  days)  Phase  (28  days) 


Testing  Phase  (Four  5  day  cycles  for  a  total  of  20  days) 

•free  access  to  water  in  the  home  cage 
•PR(2)  schedule  of  reinforcement 

STRESS  +  DRUG  NO-STRESS  +  DRUG  STRESS(2)  +  DRUG  NO-STRESS(2)  +  DRUG 

Days  50-54  55-59  60-64  65-69 

T 

Naloxone  Challenge 


Extinction  Phase  (20  days)  Relapse  Phase  (9  days) 

•free  access  to  water  in  the  home  cage  -free  access  to  water  in  the  home  cage 

■PR(2)  schedule  of  reinforcement  -PR(2)  schedule  of  reinforcement 

STRESS +  H20  NO-STRESS  +  H20  STRESS(2)  +  H20  NO-STRESS  +  DRUG  STRESS(2)  +  DRUG 


Days  70-82  83-87  88-89  T  90-93  94-98 

7  day 
rest  period 

Rest  Phase  (3  weeks)  Stressor  Validation  (5  days) 

•No  experimental  manipulations  -animals  exposed  to  stressor  (10  min)  without  drug 

_ -animals  sacrificed  on  last  day  after  exposure  to  stressor 

Days  99-120  121-125 


Figure  2.  Experiment  timeline 


Amount  (mg/kg)  of  Fentanyl 
Self-Administered 
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Day  1  Day  2  Day  3 

INITIATION  DAY 


Figure  3.  Drug  self-administration  during  initiation  (means  and  standard  errors) 


Amount  (mg/kg)  of  Fentanyl 
Self-Administered 
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Figure  4.  Drug  self-administration  during  first  stress  phase  (means  and  standard 
errors) 


Amount  (mg/kg)  of  Fentanyl 
Self-Administered 
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Figure  5.  Drug  self-administration  during  first  no-stress  phase  (means  and 
standard  errors) 


Amount  (mg/kg)  of  Fentanyl 
Self-Administered 
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Figure  6.  Drug  self-administration  during  second  stress  phase  (means  and 
standard  errors) 


Amount  (mg/kg)  of  Fentanyl 
Self-Administered 
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Figure  7.  Drug  self-administration  during  second  no-stress  phase  (means  and 
standard  errors) 


Withdrawal  Score  (15  minutes) 
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GROUP 


Figure  8.  Withdrawal  scores  following  naloxone  (1.5  mg/kg)  challenge  (means 
and  standard  errors) 


Lever  Responses  for  Water 
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Extinction  Day 


Figure  9.  Lever  responding  (progressive  ratio)  for  water  during  the  stress  phase 
of  extinction  (means  and  standard  errors) 


Amount  (mg/kg)  of  Fentanyl 
Self-Administered 
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Figure  10.  Drug  self-administration  during  testing  and  relapse  stress  conditions 
(means  and  standard  errors) 
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Figure  11.  Plasma  corticosterone  (ng/pl)  responses  (means  and  standard  errors) 
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WITHDRAWAL  SYMPTOMS  OBSERVATION  DATA  SHEET 


Body  Weight:  Pre 

Post 

Chanqe 

Naloxone  Dosage: 

ml 

mg/kg 

1 .  Wet-dog  shakes  (#  of  times): 


2.  Diarrhea  (#  of  times): 


3.  Mouthing  and  teeth  chattering  (#  of  times): 


4.  Ptosis  (#  of  times): 


5.  Excessive  grooming  (#  of  times): 


6.  Abnormal  posture  (#  of  times): 


Observer  Initials: _  Date: _  Time: 


Subject#: _  TOTAL  SCORE: 


F.O.G.  STUDY:  Summer/Fall  1993 


(REVISED  10/93) 
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